Beta-adrenergic receptor-mediated DNA synthesis in cardiac fibroblasts is dependent on transactivation of the epidermal growth factor receptor and subsequent activation of extracellular signal-regulated kinases.
Cardiac hypertrophy often leads to heart failure and is associated with abnormal myocardial adrenergic signaling. This enlargement of myocardial mass can involve not only an increase in cardiomyocyte size, but increased proliferation of cardiac fibroblasts. A potential key player in the cardiac hypertrophic response is the ERK family of MAPKs. To gain mechanistic insight into adrenergic regulation of myocardial mitogenic signaling, we examined beta-adrenergic receptor (beta-AR) stimulation of ERK activation and DNA synthesis in cultured adult rat cardiac fibroblasts, including the involvement of tyrosine kinases in this signaling pathway. Addition of the beta-AR agonist isoproterenol (ISO) to serum-starved cells induced DNA synthesis in a dose-dependent manner, and this was inhibited by selective inhibitors of the epidermal growth factor receptor (EGFR). Importantly and in agreement with the involvement of MAPKs and the EGFR in this response in cardiac fibroblasts, the EGFR inhibitor AG1478 attenuated ISO-induced ERK phosphorylation. Moreover, pretreatment with PP2, a selective inhibitor of the Src tyrosine kinase, attenuated both ISO-mediated EGFR phosphorylation and ERK activation. Furthermore, studies in these cardiac fibroblasts showed that phosphatidylinositol 3-kinase contributed to beta-AR-mediated ERK activation, but not to EGFR activation. Finally, studies using selective inhibitors of matrix metalloproteases indicated that they and heparin-bound EGF shedding were involved in beta-AR-induced ERK activation and subsequent DNA synthesis in cardiac fibroblasts. Because these cells primarily express the beta(2)-AR subtype, our findings indicate that beta(2)-AR-mediated EGFR transactivation of intracellular tyrosine kinase signaling pathways is the major signaling pathway responsible for the adrenergic stimulation of mitogenesis of cardiac fibroblasts.